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Description 

This invention relates to a method for the production of aqueous dispersions and more particularly the 
production of aqueous polyurethane dispersions useful as coating compositions. 
5 Aqueous polyurethane dispersions are well known and are used in the production of useful polyure- 
thane products, for example coatings, films, adhesives and the like. Such dispersions are usually produced 
by dispersing a water-dispersible, isocyanate-terminated polyurethane prepolymer in an aqueous medium in 
conjunction with an active hydrogen containing chain extender such as a diamine. 

The prepolymers used in the preparation of the dispersions are generally substantially linear, that is to 
io say difunctional, and are typically obtained by reacting an excess of a diisocyanate with an isocyanate- 
reactive component comprising a polymeric diol in the presence of a reactive compound, for example a diol 
or diisocyanate, containing an ionic on nonionic hydrophilic centre. 

Attempts to introduce higher functionality into the dispersed polyurethanes have not been entirely 
successful. One method of increasing the functionality is to incorporate a triol or tetrol into the prepolymer 
75 and the use of such polyfunctional active hydrogen compounds in the preparation of ionic polyurethane 
dispersions has been described in US Pat No 4,554,308. The amount of polyfunctional ity that can be 
introduced in this way is limited by the tendency of the more highly cross-linked prepolymers to gel and to 
form large micelles when dispersed, resulting in poor film formation. 

Another method of introducing polyfunctionality is to use a linear prepolymer in conjunction with a 
20 trifunctional chain extender such as diethylene triamine. This approach has been described in US Pat Nos 
4,203,883 and 4,408,008. A problem associated with these triamine cross-linked urethanes is the very poor 
coalescence of the films. 

A further method of introducing higher functionality is to include a triisocyanate in the prepolymer 
preparation but this causes the same problems of gelation and poor dispersion as when a triol is used. 
25 A different method of incorporating triisocyanates has been described in US Pat No 4,507,431 which 
describes a process for preparing aqueous dispersions of cross-linked polyurethane ionomers comprising 
mixing an isocyanate-containing prepolymer dissolved in a water-miscible organic solvent having a boiling 
point of from 20° to 100*C with a polyfunctional polyisocyanate cross-linking compound having an 
isocyanate functionality of about 2.2 to 4, said isocyanate-containing prepolymer being prepared from a 
30 linear poly hydroxy compound having a molecular weight of from 800 to 5000, said prepolymer having 
exclusively aliphatic or cycloaliphatic terminal isocyanate groups in amounts from 0.1 to 2% by weight 
incorporated therein by employing an aliphatic diisocyanate and/or cycloaliphatic diisocyanate compound 
alone as the diisocyanate reactant with said poly hydroxy compound or in conjunction with a non-aliphatic or 
non-cycloaliphatic diisocyanate reactant, and containing salt groups in amounts of from 0.02 to 1% by 
35 weight; so that there are from 0.1 to 1.5 isocyanate groups of said polyisocyanate per isocyanate group of 
said prepolymer; dispersing the resulting solution in from 40 to 80% by weight, based on the polyurethane 
prepolymer and the polyisocyanate, of water and evaporating the organic solvent. 

The present invention provides a method for the production of an aqueous dispersion of a water- 
dispersible polyurethane, said polyurethane comprising the reaction product of: 
40 (a) a water-dispersible isocyanate-terminated polyurethane prepolymer having an NCO content of 2.1 to 
10% by weight, said prepolymer being water-dispersible by virtue of containing hydrophilic centres 
selected from ionic, ionic precursor, and nonionic groups, and which prepolymer has optionally been 
prepared in conjunction with the use of up to 40% by weight of a non-reactive solvent based on the 
weight of prepolymer, 

45 (b) an organic polyisocyanate having an average isocyanate functionality of 2.1 to 4.0, and 

(c) an active hydrogen-containing chain extender, and wherein further said aqueous dispersion of the 
polyurethane is prepared by dispersing a mixture of the water-dispersible polyurethane prepolymer and 
polyisocyanate of average functionality 2.1 to 4.0 and any solvent used in conjunction with the 
prepolymer preparation directly into an aqueous medium and effecting chain extension in the aqueous 

so medium to form said polyurethane dispersion using the active hydrogen chain extender, said direct 
dispersion being performed in the absence of proceeding through the steps of first dissolving the 
prepolymer and polyisocyanate in a newly-added water-miscible solvent which is to be subsequently 
removed by evaporation, admixing with water, and removing the water-miscible solvent. 
In general, the water-dispersible prepolymer (a) will comprise the reaction product of 

55 (i) an organic diisocyanate; 

(ii) a polyol component comprising a polymeric diol having a molecular weight in the range from 250 to 
5000, and 
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(iii) a compound containing a hydrophilic centre (as defined) and at least two isocyanate or isocyanate- 
reactive groups. 

The polyisocyanate used in making the prepolymer may be an aliphatic, cycloaiiphatic, araliphatic or 
aromatic polyisocyanate. Examples of suitable polyisocyanates include ethylene diisocyanate, 1,6-hex- 

5 amethylene diisocyanate, isophorone diisocyanate, cyclohexane-1 , 4-diisocyanate, 4,4'-dicyclohexylmethane 
diisocyanate, m- and p-tetramethylxylene diisocyanates, p-xylylene diisocyanate, 1 ,4-phenylene 
diisocyanate, 2,4-toluene diisocyanate, 2,6-toluene diisocyanate, 4,4 , -diphenylmethane diisocyanate, 2,4*- 
diphenylmethane diisocyanate, polymethylene polyphenyl polyisocyanates and 1 ,5-naphthylene 
diisocyanate. Mixtures of polyisocyanates can be used and also polyisocyanates which have been modified 

70 by the introduction of urethane, allophanate, urea, biuret, carbodiimide, uretonimine or isocyanurate 
residues. 

The polyol component used in the preparation of the prepolymer comprises a polymeric diol having a 
molecular weight in the range 250 to 5000 and may optionally also contain polymeric polyols having higher 
hydroxyl functionalities, for example polymeric triols, and low molecular weight diols having molecular 
75 weights in the range from 62 to 249. 

The polymeric diols may be members of any of the chemical classes of polymeric diols used or 
proposed to be used in poly urethane formulations. In particular, they may be polyesters, polyesteramides, 
polyethers, polythioethers, polycarbonates, polyacetals, polyolefins or polysiloxanes. Preferred molecular 
weights are from 800 to 3000. 
20 Polyester diols which may be used include hydroxyl-terminated reaction products of dihydric alcohols 
such as ethylene glycol, propylene glycol, diethylene glycol, neopentyl glycol, 1 ,4-butanediol, furan 
di methanol, cyclohexane di methanol or poly ether diols, or mixtures thereof, with dicarboxylic acids or their 
ester-forming derivatives, for example succinic, glutaric and adipic acids or their methyl esters, phthalic 
anhydride or dimethyl terephthalate. Polyesters obtained by the polymerisation of lactones, for example 
25 carpolactone in conjunction with a diol may also be used. Polyesteramides may be obtained by the 
inclusion of amino-alcohols such as ethanolamine in polyesterification mixtures. 

Polyether polyols which may be used include products obtained by the polymerisation of a cyclic oxide, 
for example ethylene oxide, propylene oxide or tetrahydrofuran or by the addition of one or more such 
oxides to difunctional initiators, for example water, ethylene glycol, propylene glycol, diethylene glycol, 
30 cyclohexane dimethanol, or Bisphenol A. Especially useful polyethers include polyoxypropylene diols, poly- 
foxy ethylene-oxy propylene) diols obtained by the simultaneous or sequential addition of ethylene and 
propylene oxides to appropriate initiators and polytetramethylene ether glycols obtained by the poly- 
merisation of tetrahydrofuran. 

Polythioether diols which may be used include products obtained by condensing thiodiglycol either 
35 alone or with other glycols, dicarboxylic acids, formaldehyde, aminoalcohols or aminocarboxylic acids. 

Polycarbonate diols which may be used include products obtained by reacting diols such as 1,3- 
propanediol, 1 ,4-butanediol, 1,6-hexanediol, diethylene glycol or tetraethylene glycol with diaryl carbonates, 
for example diphenyl carbonate, or with phosgene. 

Polyacetal diols which may be used include those prepared by reacting glycol or hexanediol with 
40 formaldehyde. Suitable polyacetals may also be prepared by polymerising cyclic acetals. 

Suitable polyolefin diols include hydroxy-terminated butadiene homo and copolymers. 

Higher functionality polymeric polyols which may be present in the polyol component have been fully 
described in the prior art and include, for example, polyether triols. Diols having molecular weights from 62 
to 249 which may be present in the polyol component include ethylene glycol, propylene glycol, butane 
45 diol, diethylene glycol, cyclohexane dimethanol, furan dimethanol, tripropylene glycol and tetraethylene 
glycol. 

Compounds containing a hydrophilic centre and at least two isocyanate or isocyanate-reactive groups 
which may be used in the preparation of the prepolymer in order to provide water-dispersibility have been 
fully described in the prior art and may be of the ionic, ionic precursor or nonionic type. 

so Compounds containing an ionic hydrophilic centre and at least two isocyanate or isocyanate-reactive 
groups particularly include polyols and polyamines containing ionic groups which may be cationic, for 
example quaternary ammonium, quaternary phosphonium or ternary sulphonium salt groups, or anionic, for 
example salts of sulpho, sulphato, thiosulphato, phospho, phosphono, phosphato or, preferably, carboxy 
groups. Compounds containing ionic precursor groups are compounds which contain groups such as 

55 carboxylic acid or tertiary amino groups which may readily be converted to ionic groups by simple chemical 
reactions such as neutralisation or quatemisation. 

Specific examples of compounds containing ionic precursor groups and two or more isocyanate- 
reactive groups include triethanolamine and N-methyldiethanolamine and their oxyalkylation and 
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polyesterification products, trimethylolpropane monophosphate and monosulphate, bis-hydroxymethyl- 
phosphinic acid, diaminocarboxylic acids, for example, lysine, cystine and 3,5-diamino benzoic acid, 2,6- 
dihydroxybenzoic acid and especially dihydroxyalkanoic acids, for example 2,2-dimethylolpropionic acid. 
Other useful compounds are obtained by grafting vinyl acids on to polypropylene polyols as described 
5 in US 4460738. 

For the production of ionic dispersions .the prepolymer typically contains from 1 to 5% by weight of salt 
forming groups. 

Compounds containing a nonionic hydrophilic centre and at least two isocyanate or isocyanate-reactive 
groups include diols and/or diisocyanates having pendent polyoxyethylene chains. 

70 Diols having pendent polyoxyethylene chains which may be used in the preparation of the prepolymer 
include those described in the prior art, for example in US 3905929. These diols, because of their function, 
may be regarded as dispersing diols. Particularly suitable dispersing diols may be obtained by reacting one 
mole of an organic di isocyanate in which the two isocyanate groups have different reactivities with 
approximately one mole of a polyethylene glycol mono-ether and then reacting the adduct so obtained with 

75 approximately one mole of a dialkanolamine, for example diethanolamine. 

Diisocyanates having groups of different reactivity which may be used in the preparation of the 
dispersing diols include 2,4-toluene diisocyanate, isophorone diisocyanate and 2,4'-diphenylmethane 
diisocyanate. Polyethylene glycol monoethers which may be used include the reaction products of ethylene 
oxide with monohydric alcohols such as methanol, ethanol, tertiary butanol or benzyl alcohol or phenols 

20 such as phenol itself. The polyethylene glycol monoethers suitably have molecular weights in the range 250 
to 3000 and preferably in the range 500 to 2000. 

If desired, the polyoxyethylene chains may contain units of other alkylene oxides in addition to the 
ethylene oxide units. Thus, polyoxyalkylene chains in which up to 60% of the alkylene oxide units are 
propylene oxide units, the remainder being ethylene oxide units, may be used. 

25 The preparation of the dispersing diols may be achieved by adding the polyethylene glycol monoether 
to the diisocyanate at 20-50 °C f optionally in the presence of an inert solvent and a urethane catalyst, 
followed by addition of the dialkanolamine. 

Diisocyanates having pendent polyoxyethylene chains which may be used in the preparation of the 
prepolymer include those described in the prior art, for example in US 3920598. These diisocyanates, 

30 because of their function, may be regarded as dispersing diisocyanates. Particularly suitable dispersing 
diisocyanates may be obtained by reacting two moles of an organic diisocyanate in which the two 
isocyanate groups have different reactivities with approximately one mole of a polyethylene glycol mono- 
ether, the initially formed urethane monoisocyanate then reacting at a higher temperature with the excess 
diisocyanate to form an allophanate diisocyanate having a pendent polyoxyethylene chain. 

35 Suitable diisocyanates and polyethylene glycol monoethers for use in preparing the dispersing 
diisocyanates have been mentioned above for the preparation of the dispersing diols. 

For non-ionic polyurethanes, a polyoxyethylene content of from 2 to 30% by weight is generally 
suitable. 

The water-dispersible isocyanate-terminated prepolymer may be prepared in conventional manner by 

40 reacting a stoichiometric excess of the organic poly isocyanate with the polyol component and the 
compound containing a hydrophilic centre under substantially anhydrous conditions at a temperature 
between 30° and about 130*C, especially 50' to 90 *C, until reaction between the isocyanate groups and 
the isocyanate-reactive groups is substantially complete. The poly isocyanate, polyol component and 
hydrophilic compound are suitably reacted in such proportions that the initial ratio of number of isocyanate 

45 groups to number of isocyanate-reactive groups is in the range from 1.2:1 to 3:1, preferably 1.4:1 to 2.2:1, 
to give a prepolymer having an NCO content in the range from 2.1 to 10% by weight. If desired, catalysts 
for urethane formation such as di butyl tin dilaurate and stannous octoate may be used to assist prepolymer 
formation and up to 40 % by weight, based on the weight of prepolymer, of a non- reactive solvent may be 
added before or after prepolymer formation to control the viscosity. Suitable solvents which may be used 

so include acetone, methyl ethyl ketone, dimethyl ethylene urea, dimethylformamide, ethylene carbonate, 
propylene carbonate, diglyme, N-methylpyrrolidone, ethyl acetate, ethylene and propylene glycol dia- 
cetates, alkyl ethers of ethylene and propylene glycol monoacetates, toluene, xylene and sterically hindered 
alcohols such as t-butanol and diacetone alcohol. The preferred solvents are water-miscible solvents such 
as N-methylpyrrolidone, dimethyl sulphoxide and dialkyl ethers of glycol acetates or mixtures of N- 

55 methylpyrrolidone and methyl ethyl ketone. Other suitable solvents include vinyl monomers which can be 
subsequently polymerised. Suitable amounts of solvent vary from 1 to 40% based on the weight of 
prepolymer. 
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Organic polyisocyanates having average isocyanate functionalities of 2.1 to 4.0 which may be used in 
preparing the dispersions of the invention include the trimers of hexamethylene diisocyanate, isophorone 
di isocyanate and 2,4-toluene diisocyanate, biuret-modified hexamethylene diisocyanate, the adduct of 2,4- 
toluene diisocyanate and trimethylolpropane, the adduct of m- or p-tetramethylxylene diisocyanate and 
5 trimethylolpropane and mixtures of diphenylmethane diisocyanate and polymethylene polyphenyl 
polyisocyanates. 

The poly isocyanate having an average isocyanate functionality of 2.1 to 4.0, preferably 2.2 to 3.0, may 
be added to the isocyanate-terminated polyurethane prepolymer after prepolymer formation is complete. 
Suitable amounts to add are generally such as to provide from 0.1 to 2.75 isocyanate groups from the 

10 higher functionality polyisocyanate per isocyanate group of the prepolymer. 

The aqueous dispersions of the invention may be prepared by dispersing the mixture of water- 
dispersible isocyanate-terminated polyurethane prepolymer and higher functionality polyisocyanate in an 
aqueous medium and effecting chain extension with an active hydrogen-containing chain extender. 

The prepolymer may be dispersed in water using techniques well known in the art. Preferably, the 

15 prepolymer is added to the water with agitation or, alternatively, water may be stirred into the prepolymer. 

Conversion of any ionic precursor groups, for example carboxy groups, in the prepolymer to ionic (salt) 
groups may be effected before, simultaneously with, or after the addition of the prepolymer to water. The 
agent used to effect neutralisation of a carboxy group may suitably be ammonia or a tertiary amine such as 
triethylamine, triethanolamine or N-methylmorpholine. 

20 The active hydrogen containing chain extender which is reacted with the prepolymer is suitably a 
polyol, an amino alcohol, ammonia, a primary or secondary aliphatic, alicyclic, aromatic, araliphatic or 
heterocyclic amine especially a diamine, hydrazine or a substituted hydrazine. Water-soluble chain 
extenders are preferred, and water itself may be effective. 

Examples of suitable chain extenders useful herein include ethylene diamine, diethylene triamine, 

25 triethylene tetramine, propylene diamine, butylene diamine, hexamethylene diamine, cyclohexylene dia- 
mine, piperazine, 2-methyl piperazine, phenylene diamine, tolylene diamine, xylylene diamine, tris(2- 
aminoethyl) amine, 3,3'-dinitrobenzidine, cystine, 4,4'-methylenebis(2-chloroaniline), S^-dichloro^.^bi-phe- 
nyl diamine, diaminosilanes, 2,6-diaminopyridine, ^'-diaminodiphenylmethane, menthane diamine, m- 
xylene diamine and isophorone diamine. Also materials such as hydrazine, azines such as acetone azine, 

30 substituted hydrazines such as, for example, dimethyl hydrazine, 1 ,6-hexamethylene-bis-hydrazine, car- 
bodihydrazine, hydrazides of dicarboxylic acids and sulfonic acids such as adipic acid mono- or 
dihydrazide, oxalic acid dihydrazide, isophthalic acid dihyrazide, tartaric acid dihydrazide, 1 ,3-phenylene 
disulfonic acid dihydrazide, omega-amino-caproic acid dihydrazide, hydrazides made by reacting lactones 
with hydrazine such as gamma-hydroxylbutyric hydrazide, bis-semi-carbazide, bis-hydrazide carbonic 

35 esters of glycols such as any of the glycols mentioned above. 

Where the chain extender is other than water, for example a diamine or hydrazine, it may be added to 
the aqueous dispersion of prepolymer or, alternatively, it may already be present in the aqueous medium 
when the prepolymer is dispersed therein. 

The chain extension can be conducted at elevated, reduced or ambient temperatures. Convenient 

40 temperatures are from 5 * to 95 * C or more, preferably from 1 0 * to about 45 • C. 

The amount of chain extender employed is preferably approximately equivalent to the free NCO groups 
in the prepolymer, the ratio of active hydrogens in the chain extender to NCO groups in the prepolymer 
preferably being in the range from 1 .0 to 2.0:1 . Of course, when water is employed as the chain extender, 
these ratios will not be applicable since the water, functioning both as chain extender and dispersing 

45 medium, will be present in gross excess relative to the free-NCO groups. 

The aqueous dispersions of the invention may be advantageously employed as coating compositions, 
for which purpose they may be further diluted with water and/or organic solvents, or they may be supplied 
in more concentrated form by evaporation of water and/or organic components of the liquid medium. As 
coating compositions, they may be applied to any substrate including wood, foam and the like, by any 

so conventional method including brushing, dipping, flow coating, spraying, and the like. The compositions 
may contain other conventional ingredients including organic solvents, pigments, dyes, emulsifiers, surfac- 
tants, thickeners, heat stabilisers, levelling agents, anti-cratering agents, fillers, sedimentation inhibitors, UV 
absorbers, antioxidants and the like introduced at any stage of the production process or subsequently. It is 
possible to include an amount of an antimony oxide in the dispersions to enhance the fire retardant 

55 properties. The compositions are characterised by improved adhesion to most substrates and are of 
especial value for providing a soft feel to imitation leather. 

The dispersions may also be used as adhesives for materials such as polypropylene, polyester, 
polyurethane, leather and the like or as binding agents for various particulate materials. 
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The dispersions suitably have solids contents of from about 20 to 60% by weight. 

If desired, the polyurethane dispersions of the invention may be used in admixture with other 
dispersions, for example dispersions of vinyl polymers and copolymers. 

Thus, in a further aspect of the invention, there is provided a method for the production of a dispersion 
5 of a water-dispersible polyurethane as herein defined wherein a vinyl polymer is incorporated into the 
dispersion. 

The aqueous polymer dispersions may be prepared by simply blending an aqueous dispersion of a 
water-dispersible polyurethane prepared as described above with an aqueous dispersion of a vinyl polymer. 
It is especially preferred, however, to polymerise one or more vinyl monomers in the presence of the 

w aqueous polyurethane dispersion. This may be effected by adding the vinyl monomer or monomers to the 
polyurethane dispersion, either gradually or all at once, and subjecting the monomer to polymerisation 
conditions during and/or after its addition to the dispersion. Alternatively, a solution of prepolymer in vinyl 
monomer may be dispersed in an aqueous medium after which the prepolymer is chain extended and the 
vinyl monomer polymerised. 

75 Vinyl monomers which may be polymerised to form the vinyl polymer component of the aqueous 
dispersions of the invention include any radically polymerisable olefinically unsaturated compounds or 
mixtures thereof. Thus, there may be mentioned hydrocarbon monomers, for example butadiene, isoprene, 
styrene and divinyl benzene, acrylic and substituted acrylic monomers, for example, acrylic and methacrylic 
acids, acrylonitrile, methyl, ethyl, 2-hydroxy ethyl, butyl and isobutyl acrylates and methacrylates, ac- 

20 rylamide, methacrylamide, N-methylolacrylamide and other commonly used monomers such as vinyl 
chloride, vinylidene chloride, vinyl esters, vinyl ethers, vinyl ketones and heterocyclic vinyl compounds. 

Polymerisation of the vinyl monomer or monomers may be effected using conventional polymerisation 
techniques. Thus, the monomer may be contacted with free radical initiators, for example organic phase 
initiators such as azodiisobutyronitrile or initiators partitioned between the aqueous and organic phases, for 

25 example a combination of t-butylhydroperoxide, isoascorbic acid and Fe.EDTA or water-soluble initiators 
such as persulphates. 

The weight ratio of polyurethane to vinyl polymer in the dispersions of the invention is suitably in the 
range from 90:10 to 10:90, preferably from 80:20 to 20:80, with a solids content in the range from 30% to 
55% by weight. Viscosities are usually between 20 and 1000 mPa.s (cps) at 25* C. 
30 The aqueous polymer dispersions containing vinyl polymer may be utilised for purposes similar to 
those described for the unmodified polyurethane dispersions. Thus, they may be used as coating 
compositions, adhesives, binding agents and the like. 

The invention is illustrated but not limited by the following Examples: 

35 Example 1 

Into a 3000 ml resins reactor equipped with stirrer, heating mantle, thermometer and nitrogen are 
charged 1500 g (1.516 eq.) of an ethylene adipate diol, 112.2 g (1.674 eq.) of dimethylol propionic acid, 
663.6 g (5.065 q.) of bis-(cyclohexyl) methane diisocyanate, 570 g of N-methyl-2-pyrrolidinone and 2.4 g of 

40 dibutyl tin dilaurate. The system is stirred and heated to 80* C for two hours. The reactor is cooled to 60 * C 
and 84.6 g of triethylamine and 415 g (2.29 eq.) of DesN-100 (biuret of hexane diisocyanate) are added. 
3000 g of the prepolymer mixture is poured into 5183 g of water containing 30 g of a nonionic nonyl phenol 
surfactant Triton X-305. (The word Triton is believed to be a registered trade mark.) The water temperature 
is maintained at 20-30 *C during the addition of prepolymer. Five minutes after the addition is complete 

45 88.4 g of 64% hydrazine is added which results in a 10° C exotherm. The final product has a viscosity of 17 
mPa.s (cps), pH = 8.07, solids = 30.2%. 

Examples 2-4 

so An isophorone diisocyanate terminated prepolymer was prepared in a similar manner to Example 1 
except the following amounts were used. 
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Example 2 


Example 3 


Example 4 


r Ul y loll all loll lyioi it? uiuj \iiiw — 


A^A 


A^A 




Dimethylol propionic acid 


36.9 


36.9 


36.9 


Isophorone diisocyanate 


167 


167 


167 


Dibutyl tin dilaurate 


0.5 


0.5 


0.5 


N-Methyl-2-pyrrolidinone 


164 


164 


164 


DesN-3200* 


123 


165.0 


34.6 


Triethylamine 


27.8 


27.8 


27.8 


64% Hydrazine 


28.6 


34.2 


16.7 


Water 


1413 


2095 


1112 


PH 


7.68 


7.62 


8.0 


Viscosity mPa.s (cps) 


1170 


1080 


305 


Solids 


33.2 


27 


35 



"Biuret of hexane diisocyanate 



Example 5 

20 

A 1000 ml reactor equipped with stirrer, thermometer, heating mantle, and nitrogen was charged with 
240 g (0.24.eq.) of an ethylene adipate diol, 24.1 g (0.36 eq.) of dimethylol propionic acid, 95 g of N-methyl- 
2-pyrrolidone and 78.6 g (0.90 eq.) of an 80:20 mixture of 2,4:2,6-toluene diisocyanate The system was 
allowed to exotherm to 50 • C then was held there for two hours. 

25 Afterwards, 40.3 g (0.22 eq.) of DesN-100 was added and mixed with the prepolymer until a 
homogeneous solution formed. 400 g of this prepolymer mixture was dispersed into a water solution 
containing 19.0 g of triethylamine, 4.0 g of N-95 (ethoxylated nonyl phenol surfactant) 10.2 g of 64% 
hydrazine and 71 6 g of water. 

The dispersion has a solids content of 28%, pH of 7.9 and viscosity of 350 mPa.s (cps). 

30 — 
Example 6 

Into a 500 ml reactor was charged 200 g (0.2 eq.) of an ethylene adipate diol, 20.1 g (0.30 eq.) of 
dimethylol propionic acid, 118 g (0.90 eq.) of bis-(cyclohexyl) methane diisocyanate, 85 g of methyl 

35 methacrylate and 0.5 g of dibutyl tin dilaurate. The reactor was warmed to 85 • C for a period of three hours 
until the free isocyanate content dropped to 3.74% (92% of theory). The reactor was cooled to 60 • C and 
15.2 g of triethylamine and 23.0 g of the prepolymer was dispersed into 380 g of water containing 3 g of 
Triton X-305 (ethoxylated nonylphenol surfactant). After the dispersion was completed, 7.91 g of 64% 
hydrazine was added to extend the urethane prepolymer. 

40 The methyl methacrylate was polymerized by warming the dispersion to 35 *C (under nitrogen) and 
adding 9.1 g of 3.5% ter-buty I hydroperoxide, 0.1 g of triethylene tetramine, 1.76 g of a 1% solution of the 
adduct of iron sulfate and the tetrasodium salt of ethylene diamine tetraacetic acid and 10.1 g of a 1% 
solution of erythorbic acid neutralized with triethylamine. The dispersion exothermed 5°C and was held at 
40 °C for one hour. The urethane-acrylic copolymer dispersion had a solids content of 41.0%, pH of 8.2, 

45 and viscosity of 1 50 mPa.s (cps). 

Examples 7-1 1 

Example 7 is a comparative example and contains no cross-linker. Examples 7-11 were prepared 
so similar to Example 1 except the following amounts were used: 
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Ex7 


Ex8 


Ex9 


Ex10 


Ex11 


Ethylene adipate diol (mw — 2000) 


HOU 






450 


450 


Dimethylol propionic acid 


ob.o 


OD.O 


^ft A 
OD.O 


QR A 
OD.O 


OD.O 


bis-(cyclohexyl)methane diisocyanate 


i yo.D 


1QR R 




1 QR S 


196.5 


rM-ivieinyi-^-pyrroNOinone 


17D 
i # u 


170 


170 


170 


170 


Dibutyl tin dilaurate 


n a 

U-O 


u.o 


n a 

u.o 


n a 


n A 


DesN-100 




35.9 


75.9 


120.6 


170 


Triethylamine 


27.7 


27.7 


27.7 


27.7 


27.7 


Triton X-305 


8.5 


8.5 


8.5 


8.5 


8.5 


Water 


1441 


1493 


1593 


1652 


2140 


Hydrazine 64% 


11.8 


16.4 


21.6 


27.3 


33.6 


PH 


7.87 


7.9 


7.82 


7.85 


7.9 


Viscosity mPa.s (cps) 


26 


27 


27 


280 


550 


solids % 


31.2 


30.4 


30.4 


31.0 


29 


Tensile MPa (psi) 


23.44 (3400) 


24.82 (3600) 


25.69 (3726) 


28.13 (4080) 


26.89 (3900) 


Elongation % 


1015 


650 


630 


445 


280 


100% Mod. MPa (psi) 


2.21 (320) 


7.58 (1100) 


10.34 (1500) 


13.79(2000) 


17.93 (2600) 


Koenig Hardness 


25 


30 


40 


45 


54 



20 



Examples 12-13 (Comparative Examples) 

Examples 12 and 13 were both prepared from the same prepolymer except that Example 12 contains 
no triisocyanate cross-linker and was extended with diethylene triamine, while Example 13 contains 
triisocyanate and was extended with hydrazine. 





Example 12 


Example 13 


Ethylene adipate diol m.w. 2000 


450 


450 


Dimethylol propionic acid 


33.7 


33.7 


N-Methyl-2-pyrrolidonone 


171 


171 


Dibutyl tin dilaurate 


1.0 


1.0 


bis-(cyclohexyl) methane diisocyanate 


199 


199 


Triethylamine 


25.4 


25.4 


DesN-100 


0 


120.5 


Triton X-305 


6.0 


6.8 


Hydrazine 64% 




27.3 


Diethylene triamine 


16.3 




Water 


1425 


1565 


Solids % 


30.1 


30.3 


PH 


8.21 


7.78 


Viscosity mPa.s (cps) 


13.0 


13.0 



Example 14 



The following reactants were used to prepare a cross-linked urethane having both nonionic and ionic 
so stabilisation. The nonionic dispersing diol was prepared by reacting isophorone diisocyanate with methoxy 
polyoxyethylene (mw = 750) then with diethanol amine in the presence of 13% methyl ethylketone. The 
amounts used are listed below: 
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Polytetramethylene glycol (mw = 250) 


116 


Disoersina diol /87% solids^ in MEK 

wlopCil Oil iy UIUI \v-i ' /v OVIIUO^ ill I'll — lv 


127.4 


Methyl ethyl ketone 


84.8 


N-Methyl-2-pyrrolidinone 


102 


Dimethylol propionic acid 


13 


Isophorone diisocyanate 


237.6 


Hydrazine (64%) 


18.9 


DesN-100 


13.7 


Water 


594 


Dibutyl tin dilaurate 


0.9 


Solid % 


35.4 


pH 


5.4 


Viscosity mPa.s (cps) 


63 



75 

Example 15 

This Example shows that to obtain low viscosity prepolymers, the triisocyanate cross-linker must be 
20 added at the end of the prepolymer cook. The prepolymer was prepared similar to Example 1 except the 
following amounts were used: 



Ethylene adipate diol (mw = 2000) 


400 


Dimethylol propionic acid 


40.2 


bis-(cyclohexyl) methane diisocyanate 


196.5 


DesN-100 


165 


Dibutyl tin dilaurate 


1.0 


N-Methyl-2-PyrroIidinone 


201 



30 

The system was heated to 80 °C for a period of two hours until the prepolymer became very thick and 
gelled. 

Example 16 

35 

Into a 1000 ml reactor equipped with thermometer, stirrer and nitrogen, was placed 143 g of a 
polytetramethylene diol (1000 mw), 20.4 g of cyclohexane dimethanol, 28.9 g of dimethylol propionic acid, 
127.6 g N-Methyl-2-pyrrolidinone, 25.5g of methyl ethyl ketone. To this solution was added a mixture of 
96.5g of an 80:20 mixture of 4,4 , :2,4 , -methylenediphenyldiisocyanate with 67.6g of an 80:20 mixture of 
40 2,4:2.6;toluene diisocyanate. After the components were mixed, the reaction was allowed to exotherm to 
60 *C and held there for two hours. After the reaction was completed, a solution of 100g of the adduct of 
trimethylol propane and 2,4-toluene diisocyanate (1:3) dissolved in xylene (60%) was added. 250g of the 
prepolymer mixture was dispersed into 276g of water containing 26.8g of 16% hydrazine and 9.8g of 
triethylamine. The dispersion had a solids content of 34.2%, pH 7.66 and viscosity of 40 mPa.s (cps). 

45 
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5 




Ex1 


Ex2 


Ex3 


Ex6 


Ex7 


Ex8 


Ex9 




7 Day 


N.E. 


N.E. 


N.E. 


N.E. 


W.R.B. 


N.E. 


N.E. 




Humid Age 


















40° C 


















(104* R 
















10 


100% RH 


















Tensile MPa 


26.91 (3903) 


6.71 (973) 


7.54 (1094) 


25.86 (3750) 


23.44 (3400) 


24.82 (3600) 


25.69 (3726) 




(psi) 


















Modulus 


12.91 (1873) 






13.7 (2000) 


2.20 (320) 


7.59 (1100) 


10.34 (1500) 




100% MPa 
















15 


(osl) 


















Elongation 


552 


95 


50 


620 


1015 


650 


630 




% 


















Koenig 


57 


34 


33 


55 


25 


30 


40 




Hard. 
















20 


Chemical 
Resis. 


















Toluene 


10 


10 


10 


10 


9 


10 


10 




Isopropyl 


10 


9 


8 


10 


6 


9 


10 


25 


Alcohol 


















Methyl Ethyl 


10 


9 


8 


9 


8 


8 


9 




Ketone 


















Calculated 


3650 


3528 


2780 


11037 




11454 


5727 




Molecular 
















30 


weight per 


















crosslink 


















W = Whitened 
















B = Blisters 
















35 


R = Rust 


















N.E. = No Effect 
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Ex10 


Ex11 


Ex12 


Ex13 


7 Day Humid Age 40- C (104-F) 100% RH 


N.E. 


N.E. 


W.R. 


N.E. 


Tensile MPa (psi) 


28.13 (4080) 


26.89 (3900) 






Modulus 100% MPa (psi) 


13.79 (2000) 


17.93 (2600) 






Elongation % 


445 


280 






Koenig Hard. 


45 


54 


35 


53 


Chemical Resis. 










Toluene 


10 


10 


9 


10 


Isopropyl Alcohol 


10 


10 


9 


10 


Methyl Ethyl Ketone 


9 


10 


8 


9 ! 


Calculated Molecular Weight per crosslink 


3818 


2864 


4416 


3818 


W = Whitened 










R = Rusted 










N.E. = No Effect 
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Claims 

1. Method for the production of an aqueous dispersion of a water-dispersible polyurethane, said poly u re- 
thane comprising the reaction product of: 

(a) a water-dispersible isocyanate-terminated polyurethane prepolymer having an NCO content of 2.1 
to 10% by weight, said prepolymer being water-dispersible by virtue of containing hydrophilic 
centres selected from ionic, ionic precursor and nonionic groups, and which prepolymer has 
optionally been prepared in conjunction with the use of up to 40% by weight of a non-reactive 
solvent based on the weight of prepolymer, 

(b) an organic polyisocyanate having an average isocyanate functionality of 2.1 to 4.0, and 

(c) an active hydrogen-containing chain extender, 

and wherein further said aqueous dispersion of the polyurethane is prepared by dispersing a mixture 
of the water-dispersible polyurethane prepolymer and polyisocyanate of average functionality 2.1 to 
4.0 and any solvent used in conjunction with the prepolymer preparation directly into an aqueous 
medium and effecting chain extension in the aqueous medium to form said polyurethane dispersion 
using the active hydrogen-containing chain extender, said direct dispersion being performed in the 
absence of proceeding through the steps of first dissolving the prepolymer and polyisocyanate in a 
newly-added water-miscible solvent which is to be subsequently removed by evaporation, admixing 
with water, and removing the water-miscible solvent by evaporation. 

2. Method according to claim 1 wherein the water-dispersible prepolymer comprises the reaction product 
of 

(i) an organic diisocyanate; 

(ii) a polyol component comprising a polymeric dioi having a molecular weight in the range from 250 
to 5000, and 

(iii) a compound containing a hydrophilic centre selected from ionic, ionic precursor and nonionic 
groups, and at least two isocyanate or isocyanate-reactive groups. 

3. Method according to claim 2 wherein the compound containing a hydrophilic centre and at least two 
isocyanate or isocyanate-reactive groups is a dihydroxyalkanoic acid. 

4. Method according to Claim 3 wherein the dihydroxyalkanoic acid is 2,2-dimethyloylpropionic acid. 

5. Method according to Claim 2 wherein compound (iii) is a diol having a pendent polyoxyethylene chain. 

6. Method according to Claim 5 wherein the diol having a pendent polyoxyethylene chain is a product 
obtained by reacting one mole of an organic diisocyanate in which the two isocyanate groups have 
different reactivities with approximately one mole of a polyethylene glycol mono-ether and then reacting 
the adduct so obtained with approximately one mole of a dialkanolamine. 

7. Method according to any preceding claim wherein the organic polyisocyanate (b) is the biuret of 
hexamethylene diisocyanate. 

8. Method according to any preceding claim in which a vinyl polymer is incorporated into the dispersion. 
Patentanspruche 

1. Verfahren zur Herstellung einer wafirigen Dispersion eines in Wasser dispergierbaren Polyurethans, 
wobei das Polyurethan das Reaktionsprodukt der folgenden Verbindungen enthalt: 

(a) eines in Wasser dispergierbaren Polyurethanprapolymers mit Isocyanat-Endgruppen und einem 
NCO-Gehalt von 2,1 bis 10 Gew.-%, wobei das Prapolymer deshalb in Wasser dispergierbar ist, da 
es aus ionischen, Vorstufen von ionischen und nichtionischen Gruppen ausgewahfte hydrophile 
Zentren enthalt, und wobei das Prapolymer gegebenenfalls unter Verwendung von bis zu 40 Gew.- 
%, bezogen auf das Gewicht des Prapolymers, eines nichtreaktiven Losungsmittels hergestellt 
worden ist, 

(b) eines organischen Polyisocyanats mit einer durchschnittlichen Isocyanat-Funktionalitat von 2,1 
bis 4,0, und 
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(c) eines aktiven Wasserstoff enthaitenden Kettenverlangerers, 

und wobei die wafirige Dispersion des Polyurethans auBerdem durch direktes Eindispergieren eines 
Gemisches von dem in Wasser dispergierbaren Polyurethanprapolymer und dem Polyisocyanat mit 
einer durchschnittlichen FunktionalitSt von 2,1 bis 4,0 und irgendeinem, in Verbindung mit der 

5 Prapolymer-Herstellung verwendeten Losungsmittel in ein waflriges Medium hergestellt wird, und 

die Kettenverlangerung in dem waBrigen Medium durchgefuhrt wird, wodurch die Polyurethan- 
Dispersion unter Verwendung des aktiven Wasserstoff enthaitenden KettenverlSngerers hergestellt 
wird, und das direkte Dispergieren ohne die Schritte durchgefUhrt wird, das PrSpolymer und das 
Polyisocyanat zunachst in dem neu hinzugegebenen, mit Wasser mischbaren Losungsmittel zu 

70 losen, das danach durch Verdampfung entfernt werden soli, mit Wasser zu mischen und das mit 

Wasser mischbare Losungsmittel durch Verdampfen zu entfernen. 

2. Verfahren nach Anspruch 1 , wobei das in Wasser dispergierbare Prapolymer das Reaktionsprodukt von 

(i) einem organischen Diisocyanat; 
75 (ii) einer Polyol-Komponente, die ein polymeres Diol mit einem Molekulargewicht im Bereich von 

250 - 5000 aufweist, und 

(iii) einer Verbindung, die ein hydrophiles Zentrum, ausgewahlt aus ionischen, Vorstufen von 
ionischen und nichtionischen Gruppen und mindestens zwei Isocyanat- oder mit Isocyanaten 
reagierenden Gruppen enthSIt, umfaBt 

20 

3. Verfahren nach Anspruch 2, wobei die Verbindung, die ein hydrophiles Zentrum und mindestens zwei 
Isocyanat- oder mit Isocyanaten reagierende Gruppen enthalt, eine Dihydroxyalkansaure ist. 

4. Verfahren nach Anspruch 3, wobei die Dihydroxyalkansaure 2,2-Dimethyloylpropionsaure ist. 

25 

5. Verfahren nach Anspruch 2, wobei die Verbindung (iii) ein Diol mit einer Potyoxyethylen-Seitengruppe 
ist. 

6. Verfahren nach Anspruch 5, wobei das Diol mit einer Polyoxyethylen-Seitengruppe ein Produkt ist, das 
30 dadurch erhalten wurde, daB 1 Mol eines organischen Diisocyanats, in dem die beiden Isocyanat- 

Gruppen verschiedene Reaktivitaten aufweisen, mit etwa 1 Mol eines Polyethylenglycolmonoethers 
umgesetzt und das so erhaltene Addukt mit etwa 1 Mol eines Dialkanolamins umgesetzt wurde. 

7. Verfahren nach einem der vorstehenden Anspruche, wobei das organische Polyisocyanat (b) das Biuret 
35 von Hexamethylendiisocyanat ist. 

a Verfahren nach einem der vorstehenden Anspruche, wobei ein Vinylpolymer in die Dispersion gebracht 
wird. 

40 Revendications 

1. Procede* de production d'une dispersion aqueuse d'un polyurethanne dispersable dans I'eau, ledit 
polyurethanne comprenant le produit de reaction : 

(a) d'un prepolymere de polyurethanne a terminaison isocyanate, dispersable dans Peau, ayant une 
45 teneur en NCO de 2,1 a 10 % en poids, ledit prepolymere etant dispersable dans I'eau en raison de 

la presence de centres hydrophiles choisis entre des groupes ioniques, des pr§curseurs de groupes 
ioniques et des groupes non ioniques, ledit prepolymere ayant ete prepare* facultativement en 
utilisant conjointement jusqu'a 40 % en poids d'un solvant non reactif sur la base du poids du 
prepolymere, 

so (b) d'un polyisocyanate organique ayant une fonctionnalite isocyanate moyenne de 2,1 a 4,0, et 

(c) d'un agent d'allongement de chaTne contenant de Phydrogene actif, 
procede dans lequel, en outre, ladite dispersion aqueuse du polyurethanne est pr£par€e en dispersant 
un melange du prepolymere de polyurethanne dispersable dans I'eau et du polyisocyanate ayant une 
fonctionnalite moyenne de 2,1 a 4,0, ainsi que de n'importe quel solvant utilise conjointement avec la 

55 preparation du prepolymere directement dans un milieu aqueux et en effectuant I'allongement de 
chaTne dans le milieu aqueux pour former ladite dispersion de polyurethanne en utilisant I'agent 
d'allongement de chaTne contenant de Phydrogene actif, ladite dispersion directe etant effectuee en 
('absence de mise en oeuvre par I'interm6diaire des etapes consistant a dissoudre tout d'abord le 
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prepolymere et le polyisocyanate dans un solvant miscible a 1'eau, nouveliement ajoute\ qui doit etre 
ensuite ^limine par Evaporation, a effectuer un melange avec de I'eau et a eliminer ie solvant miscible 
a I'eau par Evaporation. 

5 2. Procede suivant ia revendication 1, dans lequel le prepolymere dispersable dans I'eau comprend le 
produit de reaction 

(i) d'un diisocyanate organique ; 

(ii) d'un polyol comprenant un diol polymerique ayant un poids moleculaire compris dans Tintervalle 
de 250 a 5000, et 

io (iii) d'un compose contenant un centre hydrophile choisi entre des groupes ioniques, des precur- 

seurs de groupes ioniques et des groupes non ioniques, et au moins deux groupes isocyanate ou 
rEactifs avec les isocyanates. 

3. ProcEde* suivant la revendication 2, dans lequel le compose contenant un centre hydrophile et au moins 
75 deux groupes isocyanate ou rEactifs avec les isocyanates est un acide dihydroxyalcano'fque. 

4. Procede* suivant la revendication 3, dans lequel I'acide dihydroxyalcanoVque est I'acide 2,2-dime*thyloyl- 
propionique. 

20 5. ProcedE suivant ia revendication 2, dans lequel le compose (iii) est un diol ayant une chaTne 
polyoxyethylene late rale. 

6. ProcEde* suivant la revendication 5, dans lequel le diol ayant une chaTne polyoxyethylene late>ale est un 
produit obtenu par reaction d'une mole d'un diisocyanate organique dans lequel les deux groupes 

25 isocyanate possedent des reactivites diffe rentes avec approximativement une mole d'un monoether de 
polyethyleneglycol, puis par reaction du produit d'addition ainsi obtenu avec approximativement une 
mole d'une dialcanolamine. 

7. Procede suivant I'une quelconque des revendications precedentes, dans lequel le polyisocyanate 
30 organique (b) est le biuret d'hexamEthylene-diisocyanate. 

8. Procede suivant I'une quelconque des revendications prEcEdentes, dans lequel un polymere vinylique 
est incorpore a la dispersion. 
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